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Abstract-- NASA is planning to fly a series of Space

Environment Testbeds (SET) as part of the Living With A

Star (LWS) Program. The goal of the testbeds is to improve
and develop capabilities to mitigate and/or accommodate
the affects of solar variability in spacecraft and avionics

design and operation. This will be accomplished by

performing technology validation in space to enable routine
operations, characterize technology performance in space,
and improve and develop models, guidelines and databases.

The anticipated result of the LWS/SET program is improved
spacecraft performance, design, and operation for survival

of the radiation, spacecraft charging, meteoroid, orbital

debris and thermosphere/ionosphere environments. The
program calls for a series of NASA Research
Announcements (NRAs) to be issued to solicit flight

vaIidation experiments, improvement in environment effects

models and guidelines, and collateral environment
measurements. The selected flight experiments may fly on

the SET experiment carriers and flights of opportunity on
other commercial and technology missions. This paper

presents the status of the project so far, including a
description of the types of experiments that are intended to

fly on SET-1 and a description of the SET-1 carrier

parameters.

1. BACKGROUND

The Sun and its Variability

The Sun, the astronomical object most significant to
humanity, affects the entire geospace region. Because of the
consequences to the Earth of the Sun's dynamic behavior
and the rapidly expanding utilization of this region for
human activities, a thorough understanding of the Sun's
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effects is becoming increasingly essential. The Sun radiates
both electromagnetic energy and fast-moving electrically-
charged particles. The electromagnetic radiation across a
broad spectrum of wavelengths originates from the
photosphere, the Sun's surface. This energy proceeds
unimpeded directly from the Sun to the Earth's atmosphere,
with a majority reaching the surface of the Earth.

The streaming of electrically-charged particles away from
the Sun results from the energizing of gases in the solar
corona. This continuous, but highly variable stream, called
the solar wind, has speeds of up to 1000 km per second. Its
variability is closely connected to events on the Sun and its
corona. In contrast to electromagnetic radiation, the transit
of energy in this form through space is very complex,
especially as it interacts with magnetospheres and
atmospheres to produce a wide variety of phenomena and
consequences. The LWS Program _ will permit
comprehensive study of the cause-and-effect relationships
between events at the Sun and the effects in geospace that
influence life on Earth and humanity's technological
systems. An over:view of the role of the LWS program in
assuring performance in space and atmospheric
environments is given in ref. [2].

A goal of the LWS program is to address environment
accommodation issues for future technological systems. The
program architecture, illustrated in Fig. l, consists of the
following elements:

• Theory and Modeling to define the external
environment;

• Science Missions to collect data, and understand the
effects of solar variability on our Earth;

• Space Environment Testbeds to define the environment
interaction with components; and

• Evolution of established and expanded partnerships.

The complex environment of Sun-Earth space consists of
time varying ultraviolet, x-ray, plasma, and high energy
particle environments. The particle environment is
composed of fluxes of electrons with energies up to 10s of
MeV and protons and heavier ions with energies up to
10,000s of MeV. Variations depend on location in space and
on the year in the solar cycle, both somewhat predictable.
However, large variations that depend on events on the Sun



arenotpredictablewithreasonablecertaintyandareknown
onlystatisticallybasedonpasthistory.

The naturalspaceenvironmentand its solarinduced
variabilityposea difficult challengefor designersof
technologicalsystems.Spaceandatmosphericenvironments
interactwithaircraftandspacecraftcomponentstoinduce
effectsin systems.Theeffectsincludedegradationof
materials,thermalchanges,contamination,excitation,
spacecraftglow,charging,communicationandnavigation
errorsanddropouts,andradiationdamageandinduced
backgroundinterference.The accommodationof
environmentallyinducedeffectsisaccomplishedin design
andoperationalphasesofsystemdevelopment.

Largeuncertaintiesinspaceandatmosphericenvironments
and effectsmodelsprecludecost effectiveuse of
environmentallysensitivetechnologiesin the space
environment.Tosuccessfullyinfuseanewtechnologyintoa
system,accurateenvironmentmodels,groundtestprotocols,
andinteractionmodelsarerequired,andthemodelsmustbe
validatedwithin-flightexperiments.
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Fig. 1: This figure illustrates the program architecture of the LWS
program.

Technology infusion

The aerospace industry is driven to utilize newer

technologies to achieve performance goals, while reducing
satellite mass and volume. Microelectronics technologies in
particular are becoming more sensitive to the space
radiation envzronment. New and increasingly negative
effects are being observed during routine ground radiation
experiments. In addition, the growing trend toward smaller
spacecraft and the use of materials such as composites
provide less shielding assistance from the environment than
in earlier missions. All told, less assistance reduces the
levels of protection from the space environment while using
potentially more environment-sensitive technologies. In
fact, with the death of radiation-hardened foundries (two
remaining in the U.S.), it is difficult, at best, to fred
electronics capable of both high-performance and radiation
tolerance.

average? These questions lead to the need for the third
portion of the triumvirate: on-orbit flight experiments for
validation and development of test protocols and
performance prediction techniques.

Fig. 2: Technology Triumvirate for Infusion into Space Systems.

The goal is to not only qualify an individual component but
to validate a ground test protocol or prediction technique
that then enables reliable ground test qualification to occur.

2. SET OBJECTIVES AND GOALS

The primary objective of the LWS Space Environment
Testbeds (SET) is to infuse new technologies into space
programs. The SET purpose is to complete the transition
from science to applications with the objective of improving
the engineering approach to accommodate and/or mitigate
the effects of solar variability on gpacecraft design and
operations. The SET has three goals:

Enhance the technical and scientific capability
of satellite systems by enabling easy, low cost,
and fast access to space for validation of
technology typically sensitive to solar variants.

Function as a .pathfinder for future spacecraft
deployment m space environments for
commercial, government, and science interests
by improving environment definitions, models
and guidelines.

Infuse the improved technology and predictive
capability with space weather prediction,
spacecraft design and operations, and
terrestrial/aircraft operations.

The LWS Program will develop new environment
specification models and predictive capability for:

• Mission planning

• Spacecraft design

It takes three items to successfully infuse a new technology
for space utilization (Fig. 2). First and most obvious is
technology development. This is simply the development of
a new technology that has enabling performance
characteristics such as increased bandwidth or reduced
volume. Second, a technology must be "qualified" via a
series of ground tests prior to infusion into a critical space
system. But how does one determine the proper tests
required for a new technology? And how accurate are these
test results? Are they a worst case bound or a nominal case

• Spacecraft operations, and

• Risk analysis

Within this approach the SET seeks to better understand
environment interaction with spacecraft and instrument
components, including:

• Microelectronics
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• Sensors/detectors

• Materials, and

• Spacecraft charging and discharging

This SET goal will be achieved through the planned flights
of a series of orbiting testbeds that will:

• Validate technologies in flight

• Collect data in space to validate ground test
protocols

• Collect data in space to validate application
model/engineering tool development

The result

engineering
effects of

operations.

of the SET Program will be an improved
approach to accommodate and/or mitigate the
solar variability on spacecraft design and

In the remainder of this section, we expand upon the SET
concept. The SET Program is intended to fill knowledge
gaps in the interaction between spacecraft and environment
in all Earth orbits of interest, and to validate technologies of
interest in this variable environment.

_Qperation in MEO

One SET objective is to provide an adequate knowledge
base to enable routine operations in mid earth orbit (MEO).
MEO is considered to be those orbits of 2,000 to 20,000 km
altitudes. It is characterized by a severe radiation
environment of trapped particles from the Van Allen belts,
and a highly volatile radiation environment between the
belts due to geomagnetic storms. Currently, this severe
environment greatly limits space mission lifetimes and
performance. Capability of MEO operation opens the
pathways for new science, communication, and government
applications that are currently compromised due to the
extremities, volatility and lack of data in this region.

For example, commercial communications typically
consider the less harsh radiation environments of low earth
orbit (LEO) or geostationary orbits (GEO) 3. Both of these
orbital arenas offer drawbacks due to their close proximity
or great distance from Earth. LEO, for example, requires a
relatively large number of satellites (i.e., IRIDIUM which
utilized 66 satellites in its constellation) to meet adequate
global coverage requirements. In contrast, GEO
constellations require few satellites but have challenges with
propagation delays and efficient utilization of bandwidth.
MEO, thus, is a compromise of the two global coverage
methods requiring a reasonable number of spacecraft with
capabilities for high performance. The ability for
commercial communications builders to utilize the MEO
arena provides a very cost-effective solution for their needs.

Science-based missions have their own unique challenge for
MEO operation. Take for example the desire to operate an
imager in a MEO orbit. It is well known that detector
technologies such as charge-coupled devices (CCDs) and
infrared detectors are deleteriously affected by radiation
hazards4; this includes both long-term damage issues as well
as transient particle effects. The development and flight
validation of hardened detector technologies and software

transient mitigation techniques would open this regime for
science operation.

Ground test and performance prediction improvement

The second SET goal includes validation of new technology
ground test protocols, performance prediction methods and
environment models. SET is concerned primarily with the
interaction between spacecraft and environment, whereas
the role of the science missions and the Theory and
Modeling program is to characterize and understand the
Sun-Earth variable environment in broader terms.

Performance predictions for flight is based on the existence
of ground test data and applicable space environment
predictions. If either or both of these factors can improve
accuracy, there are significant benefits for space system
design.

Take for example the issue of how simulated conditions on
the ground compare to actual flight conditions. The
accuracy of a ground test is only as good as the correlation
of the test protocol used for flight validation. In addition, as
noted in Table 1 previously, test protocols and technology
models are often technology specific. Increased accuracy of
ground testing and the induced environment (the
environment that effects technology) clearly requires a
correlation with actual space performance.

Reduced design margins

Design margins for systems are based on the accuracy of
environmental predictions and ground test protocols
(technology factors). By improving the accuracy of both
elements, design margins can be significantly reduced.
Fig. 3 illustrates the factors utilized in setting design
margins. If one can reduce the size of the "target" in this
figure, the number of available choices in electronics and
materials that meet the requirement is increased, including
potentiaIIy less expensive, higher performing, and reduced
mass technologies.

Take, for example, the case of ionizing and non-ionizing5
radiation damage on linear bipolar electronics. Although
linear bipolar technology has been around for several
decades, recent changes in manufacturing processes and
circuit designs have made many of these devices more
sensitive to damage from the non-ionizing portion of the
environment, as well as to low ionizing dose rates more
closely resembling the actual space environment. The
problem is that the majority of ionizing radiation tests are
performed at accelerated rates in order to be cost and time
efficient (i.e., not requiring a three-year test for a three-year
mission). Thus, to use these accelerated tests and to account
for the non-ionizing damage issue, large margins (on top of
margins included for environmental uncertainties) are often
included. This inclusion can create difficulty for projects in
obtaining technology that meets performance requirements
or requires the use of higher cost components or addition of
design mitigation strategies such as extra shielding (i.e.,
extra weight that equals extra cost), as well as potential
resources for additional ground tests.
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Fig. 3: Design Margin Factors

What these measures imply is a resource burden on
spacecraft systems. If one can validate improved ground test
protocols (more accurate and less conservative), as well as
dynamic environmental models, design margins would be
reduced. Thus, resources currently spent on spacecraft
technology may be saved or, conversely, available to
increase science performance. This approach is consistent
with a "faster, better, cheaper" approach to modern space
design, manufacture, and test. In addition, having an
improved knowledge-based design reduces risk for space
systems.

Environment-tolerant technologies and mitigation strategies

In order to operate successfully under the influence of the
Sun's variabil!ty, technologies must either be available that
meet the rmsslon reqmrements or design means of
mitigating the effects must be available. One of the SET
objectives is to validate these technologies and techniques.

A relevant example is the plasma-induced charging issue by
spacecraft that traverse energetic electrons during the course
of their orbits 6. Orbits such as GEO and Geo-Transfer

(GTO) are particularly of great concern for this issue. In the
past, large spacecraft with a Faraday cage-like structure
were used to mitigate this issue. With today's movement
towards small, lightweight spacecraft, the unwieldy
structures of the past are simply not feasible. New and novel
approaches to mitigation of charging are required. Due to
complexities of environment and to design complications,
flight validation of these technologies is required.

Human Exposure to the Variable Space Environment

For periods following solar energetic particle events, large
fluxes of very penetrating protons reach low altitudes and
pose dangers to extra-vehicular activities and high altitude
human flight. The South Atlantic Anomaly also has high
energy particle precipitation.

The primary goal of LWS related to human exposure to
radiation is to develop the capability to predict solar activity
with sufficient lead-time to ensure crew safety. The
LWS/SET will also investigate the relationships between
solar variability, materials, and biological systems.

Microelectronics also represents an increasingly important
component of life support systems and SET will validate
technologies that add to the safety and effectiveness of flight
operations.

Flight validation of LWS science instruments

A final SET goal is to provide a testbed to validate the
performance of science instruments from other elements of
the LWS program. For more information on these missions
please see ref. [7].

3. SPACECRAFT TECHNOLOGY AND THE SET

As discussed earlier, emerging and novel technologies are
required by both government and commercial organizations
in order to provide viable cost-effective and high-
performance satellites for science, industry, and defense
needs. Unlike previous missions which chiefly measured
technology performance and may have had limited ground
test protocol validation plans, the concept for SET focuses
on correlating the flight and ground portions. In this
section, we provide a general discussion of technologies and
the SET, and cite examples of technology experiment
concepts.

SET Technology Experiments

Potential experiments on solar-variant sensitive technologies
for NASA's SET are widespread s'9:°. The areas of interest
include, but are not limited to:

• Microelectronics

• Photonics and optoelectronics

• Detectors

• Materials

• Nanotechnologies

• Microelectromechanical systems (MEMS)

• Microoptoelectromechanical systems (MOEMS)

• Subsystems

• Environment tolerance methods

• Spacecraft charging/discharging

The initial planned experiment concepts revolve around
component and small subsystem-level technologies. This is
due to the obvious resource constraints including cost.
Because of these constraints, experiments that drive high-
cost mission scenarios such as those that require retrieval
are not part of the SET conceptual baseline. Thus,
experiments such as those on material properties that would
ordinarily require retrieval after exposure to the space
environment become problematic or require innovative
remote measurement methods. All of these issues will likely
be revisited if, for example, a partner provides the SET a
spacecraft bus and launch opportunity that allows for larger
experiment concepts to be broached.

The advantages of novel technologies for space performance3
are well documented. However, issues such as ionizing
radiation, spacecraft charging, and micrometeoroids may, at
times, prove problematic. Space test data can be used to
improve our knowledge of proper ground test protocols and
prediction techniques. The idea remains constant:
improve/validate ground test protocols, technology
performance models, and means to reliably operate in a
solar-variant space environment. While not covering all
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environments of concern to SET, further discussion of
technology-based radiation effects issues on
microelectronics may be found in ref. [5].

Sample Technology Scenario - SiGe

In order to clarify what might constitute suitable technology
experiments for SET, we shall describe a potential
experiment concept based on solar-variant technologies and
ground test programs. This example is based on concepts
gathered at workshops designed to aid identification of
candidate technologies and requirements for SET s'9,_°. The
concept presented here for an experiment is SiGe
microelectronics.

SiGe is an emerging microelectronics technology with traits
that show clear traceability to NASA's needs 3. The
technology is fully compatible with existing Si technology
but offers distinct advantages over these older technologies
in terms of speed (>40 GHz possible), noise, and power
performance. These performance properties can be tuned or
traded by choosing selective doping levels, thus allowing
for power and bandwidth trades to be performed. In
addition, SiGe lends itself to mixed analog and digital
applications; potentially pushing the envelope for true
system-on-a-chip (SOC) designs.

From the aerospace perspective, the advantageous features
of SiGe have widespread applications ranging from radio
frequency (RF) systems to SOCs to power circuitry.
However as discussed earlier, the space environmental
concerns (radiation, reliability, etc.) must also be understood
to reliably insert this emerging technology. From this
regard, the aerospace community has begun ground-based
research on SiGe. For example, the NASA Electronic Parts
and Packaging (NEPP) program along with its partners such
as the Defense Threat Reduction Agency (DTRA) have
begun evaluation of SiGe devices in order to model the
technology and predict performance in a space environment.

The question for SET is: does this technology's
performance in space vary with the solar cycle? From the
solar-variant particle populations that induce radiation
effects, the answer appears to be yes. Early ground test data
on radiation issues shows promise for long-term dose and
damage concerns _1. However, the limited dataset on single
event performance indicates an increased sensitivity with
high-speed technologies to the transient particle
environment t2'13, Since this data shows that the models

being developed for SiGe may vary significantly from
standard Si technologies, flight validation of the ground test
protocols and prediction techniques is required.

4. SET PLANS AND REQUIREMENTS

SET Plans

The SET is planning to focus on flight experiments, as well
as on data mining and analysis as they apply to application
models on solar variability and technology. This is a multi-
mission program with launches planned at two-year
intervals. The characteristics of the SET are:

=. Multi-mission series of flight testbeds starting with
a launch in FY04

• Support of relevant experiments on non-SET
carriers

• Data analysis for environment and technology
application models of SET flight experiments

• Data analysis for environment and technology
application models of flight experiments from non-
SET space testbeds and spacecraft (There is also
the potential for support of these experiments, as
well.)

• Data _ining of existing data sets

• Development of tools and guidelines

In addition, the acquisition of a core set of flight qualified
collateral environment sensors applicable to the SET is
planned.

Funding for flight experiments, collateral environment
sensors, and engineering tool development will be via a
series of NASA research announcements (NRAs), the first
of which will be released in FY02.

The intent is for NASA and its partners to provide the
launch and core testbed capabilities as defined below. The
Program also projects the availability of funds for analysis
of the flight experiments data.

SET Partners

SET partnering is expected to provide flexible and cost-
effective means to gather sufficient resources to meet SET
objectives. Standard SET partners come in three forms.
They are:

• SET Program Partners: contribution to the overall
success of the LWS/SET Program. This level of partner
agrees with NASA on objectives and requirements, and
participates in all Program aspects.

• SET Carrier Partners: contribution to the success of the
SET Carrier. They retain separate requirements and
objectives, and they receive an allocation of spacecraft
resources to achieve their objectives.

• SET Payload Partners: contribution of "payloads" in
exchange for on-orbit operation, launch, and data
return. "Payload" is here defined to include ground test
data if appropriate, on-orbit data after reduction, and
funding for integration and on-orbit operations.
Variations in definitions of "payloads" are negotiable:
"funding" can include in-kind exchanges.

Other partnering arrangements will be considered on a case-
by-case basis.

The experiment results and data access must be open to the
aerospace community. Platform partners may, however,
propose "black box" experiments or unshared data access.
Inclusion of these experiments is a function of the partner
contribution.

SET CARRIER CONCEPT

The SET flight element is envisioned as a secondary
payload attached to a host spacecraft on launches of
opportunity. This approach should accommodate the
requirements of most technology experiments. Once
attached to the host, the SET will manage its experiments
with little interaction with the host. On orbit, applying
power to the SET brings it into a standby mode. The host
then commands the SET to turn all the experiments on and



begincollectingdata.Periodically,thehostcommandsthe
download of telemetry from the SET command and
telemetry storage into host storage.

Telemetry data from the SET is passed through the host
communications and ground system and then forwarded to
the SET mission payload operations center. Commands to
the SET will be sent from the SET mission payload
operations center to the host mission operations center for
processing and upload. The SET will produce a health and
safety telemetry stream that will be collected by the host, in
addition to the experiment data telemetry, for processing by
the host mission operations center.

As part of its normal operations, the SET will sample its
environment sensors. Should the sensors indicate a

condition of interest (e.g., a solar event), the SET may be
programmed to send predetermined sets of commands to
those experiments that require them. The SET will also
support diagnostic operations for itself and those
experiments that support them.

The SET is designed to provide technology experiments
with the necessary voltages, as well as commanding and
telemetry services. Technology experiments in standard
mechanical form factors are to be provided to the SET
integrator who will then configure the group of experiments
so that all of them are exposed to the same environment.

SET Carrier Requirements

The top level requirements for the missions that will
implement the Space Environments Testbed are as follows:

I. The Space Environments Testbed shall be
implemented as a series of space missions into a

range of orbits depending on the SET technologies
being tested on each mission.

2. To accomplish the general SET objectives within

the projected funding, each SET mission shall be
implemented as a payload to be integrated onto a

host spacecraft not funded by the SET project.
3. Each SET payload shall consist of one or more

technology experiments integrated onto a carrier
that supports the experiments and isolates them
from the host spacecraft.

4. A goal in implementing the payload shall be to
minimize the impact of the payload to the host
spacecraft resources.

5. Each SET carrier shall be capable of correlating the

experiment telemetry with the host spacecraft orbit
position.

6. Each SET carrier may have one or more collateral
environment sensors that will be used to

characterize the environment exposure, and, if
required, initiate actions by the carrier or the

technology experiments.

The following paragraphs present overall mission
requirements:

Mission Duration

SET missions require an on-orbit operational period
sufficiently long for the technology experiments to generate
the characterization data required to support the experiment
goals. Based on NASA, DoD and industry experience, I
year shall be the minimum time required for a mission
duration with 3 years as a goal. Note that some technologies
or technology experiments may fail in a shorter time
depending on the mission orbit and the nature of the
technology.

Orbit Requirements

SET has preferred orbits of interest, however other orbits
can be utilized depending on the needs of the experimenters.
GEO-transfer orbit (GTO) is good for a wide range of
environmental experiments, including ultraviolet (UV) and
atomic oxygen (AO) degradation found in the lower
altitudes, plus the trajectory passes through both radiation
belts, exposing the experiments to a wide range of radiation
energy levels. Geostationary (GEO) is good for solar
particle events (SPEs) as well as spacecraft
charging/discharging experiments. SEE issues arise in near-
polar LEO orbits, while "high" polar LEO (> 1,000 km) is
useful for proton damage experiments, both regions expose
the spacecraft to degradation/contamination, and spacecraft
charging phenomena. Table 1 summarizes the phenomena
of interest to SET in the different orbit regimes.

Orbit Phenomena

GEO

GTO
LEO - Low Inclination

LEO - High Inclination

Solar flare protons, trapped electrons,
spacecraft charging/discharging

Trapped protons
Surface charging and erosion

Galactic ions

Table 1: SET Orbits and Environment Phenomena

Serviceability/Retrieval/Disposal

Neither on-orbit servicing nor retrieval is required. All the
required data from each technology experiment will be
telemetered to the ground.

5. SET CARRIER ARCHITECTURE

The carrier is the entity that supports the technology
experiments and collateral environment sensors with power,
commanding, telemetry, mechanical and other services, and

isolates them from the host spacecraft. Fig. 4 illustrates the
carrier architecture segments and their interactions.

Concept of Operations

A SET carrier mission is operationally simple. Upon power
being applied some weeks after launch, the carrier will
autonomously boot itself, apply power to the sensors and
experiments, and begin to collect telemetry. Should
telemetry from an experiment or sensor give an out of limit
indication, the power will be removed and an indication sent
to the SET operations center in the carrier telemetry stream.

Telemetry will be collected from the carrier on command
from the host spacecraft. When operational the cartier will
always be ready to receive commands from the host.
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Fig. 4: Carrier Architecture

Communication between the sensors and the controller over
the command and telemetry bus will be implemented using
an architecture control protocol such as MIL-STD-1553B. If
a burst data channel is implemented for a particular
experiment, the burst data transfer will be performed on a
command from the controller after it receives telemetry
indicating that data is available for transfer.

Sensors and experiments may be used to detect events of
interest (e.g. solar storms), and then trigger changes in the
operation of particular experiments. This will be
accomplished by using the controller to examine the sensor
or experiment telemetry stream for indications of an event.
Should the indication occur, the controller will execute a
command script.

Architecture Segment Definition

Controller - A controller is envisioned as a multiple board
assembly housed in its own structure that effectively isolates
the technology experiments and collateral environment
sensors from the host spacecraft data system. The controller
provides to the experiments and sensor the following
services:

• commanding

• telemetry

• data processing

• burst data

Power Supply - The carrier power supply provides power
conversion, fusing, switching and distribution services to
the experiments, sensors and the controller. It will be fused
to protect the host spacecraft.

Technology Experiments - This segment consists of one or
more technology experiments at the "box" or board level.
These experiments will be arranged into structures that
ensure that each has the necessary exposure to the space
environment.

Collateral Environment Sensors - Collateral environment
sensors are either in their own structure or contained within
the controller. These sensors are mission dependent and may
consist of total dose, single event, particle, charging and
other sensors required to characterize the environment in the
presence of the experiments suite. An element of this sensor
set collects the temperature housekeeping data for the
carrier.

Thermal/Mechanical Flight Support - This segment consists
of a mission dependent mechanical interface structure that
supports the controller, power supply, collateral
environment sensor set, and the technology experiments. It
is the mechanical element of the carrier that is attached to

the host spacecraft structure. Depending on the host
spacecraft, the interface structure will also support limited
conducted heat transfer.

6. SUMMARY

We have provided an overview of the SET's goals and
objectives as they relate to solar variability and technology
validation. This summary has included a background
discussion of the Sun and its effects on the space
environment, as well as details on reliably infusing
technology into space systems.

This was followed by the discussion of goals for the SET.
The expected results of the LWS/SET Program are:

• Routine operation in MEO

• Ground test and performance prediction improvement

• Reduced design margins

• Environment-tolerant technologies and mitigation
strategies

• Flight validation of LWS science instruments

Another element of the SET that was discussed is the

mining of existing data from engineering systems or
environmental monitors that have or are being flown. In
some cases, these data were used for science purposes and
can now be applied to engineering purposes.

Finally, we discussed the SET plans, which included
expected capabilities provided to experimenters, as well as a
discussion of partnering. We are strongly encouraging
partnering from all aerospace areas (government, industry,
university, and foreign participation).
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